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Abstract: Polyacrylamide gel electrophoresis was used to analyse transferrin variation in herds of semi-domestic 
reindeer from Scandinavia. The results are compared with previously reported values for other populations of 
both semi-domestic and wild reindeer using the same techniques as in the present study. In all populations the 
number of alleles was high, ranging from seven to eleven, and the heterozygosity was correspondingly high, 
with a mean of 0.749. This high genetic variation in all populations suggests that inbreeding is not widespread 
among Scandinavian reindeer. The pattern of allele frequency distribution indicates a high degree of genetic 
heterogeneity in the transferrin locus, both between the different semi-domestic herds and between the different 
wild populations. The mean value of genetic distance was 0.069 between semi-domestic herds and 0.091 between 
wild populations. Between semi-domestic and wild populations the genetic distance was particularly high, with 
a mean of 0.188. This high value was mainly due to a different pattern in the distribution of the two most common 
transferrin alleles: Tfu was most common among semi-domestic herds, while TfEI was most common among 
wild populations. These differences in transferrin allele distribution are discussed in relation to possible different 
origins of semi-domestic and wild reindeer in Scandinavia, or alternatively, to different selection forces acting 
on transferrin genotypes in semi-domestic and wild populations. 
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Sammendrag: Transferrin-variasjon i tamreinflokker ble analysert ved hjelp av polyacrylamid gel elektroforese. 
Resultatene er sammenlignet med verdier som tidligere er beskrevet for både tamrein og villrein hvor det ble 
benyttet samme metode som i denne undersøkelsen. I alle populasjonene ble det registrert et høyt antall alleler 
(7-11) og heterozygositeten var tilsvarende høy med en middelverdi på 0.749. Denne høye graden av genetisk 
variasjon i alle undersøkte populasjoner indikerer at det ikke foregår mye innavl blant rein i Skandinavia. 
Utbredelsen av de enkelte allelene viste høy grad av genetisk oppdeling i transferrin-locuset mellom flokker 
av både tamrein og villrein. Middelverdien for genetisk avstand var 0.069 mellom tamreinflokker og 0.091 
mellom villreinflokker. Særlig stor genetisk avstand (middelverdi 0.188) ble funnet mellom tamrein og villrein. 
Denne store forskjellen skyldes i stor grad forskjellig mønster i utbredelsen av de to vanligste allelene: Tf' var 
mest vanlig blant tamrein og Tf1' var mest vanlig blant villrein. Denne forskjellen er diskutert i relasjon til 
forskjellig opprinnelse av tamrein og villrein og alternativt, i relasjon til forskjellig seleksjonskrefter som virker 
på transferrin genotyper i tamrein og villrein. 
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I n t r o d u c t i o n 
Reindeer i n Scandinavia are separated into 
numerous different populat ions and exist both 
as semi-domestic and w i l d animals. The amount 
of differentiat ion and the evolut ion of the 
different populat ions are, however , h ighly 
u n k n o w n and open to speculat ion. Studies of the 
genetic structure of reindeer populat ions may 
provide some insight into the evolut ionary 
events and processes that have shaped the present 
structure. 
M o s t w o r k o n the genetic structure of reindeer 
populat ions has been based o n m o r p h o l o g i c a l 
characteristics. Such studies suffer f r o m the 
di f f icul ty of dis t inguishing between genetic and 
environmental components of variat ion. The 
in t roduct ion of electrophoretic techniques al lo-
wed studies of single factors w i t h k n o w n 
inheritance. G a h n e and Rende l (1961) used this 
technique and were the first to study genetic 
variation i n the locus c o d i n g for serum 
transferrin i n reindeer. The variat ion i n this locus 
has later been used in several more studies of 
popula t ion genetics in reindeer and caribou 
(Brænd 1964; Shubin 1969; 1977; Shubin and 
Ionova 1984; Shubin and M a t y u k o v 1982; 
T u r u b a n o v and Shubin 1971; Z h u r k e v i c h and 
Fomicheva 1976; Storset et al . 1978; Soldal and 
Staaland 1980; Røed 1985a,' 1985b, 1986; Røed 
and W h i t t e n 1986; Røed et al . 1985, 1986). The 
main pattern of variabi l i ty reported in these 
studies indicates considerable genetic heteroge-
neity in the transferrin locus among populat ions 
of reindeer. A part icularly h igh amount of 
differentiation was detected between p o p u l a t i -
ons of semi-domestic and w i l d reindeer in 
southern N o r w a y (Brænd 1964; Røed 1985a). 
The purpose of the present study_was to test 
whether this large differentiat ion remains evident 
when several more populat ions f r o m other parts 
of Scandinavia are inc luded in the analyses. The 
transferrin allele frequencies of nine herds of 
semi-domestic reindeer f r o m N o r w a y , Sweden 
and F i n l a n d are presented in this study and 
compared w i t h allele frequencies of both 
semi-domestic and w i l d reindeer in N o r w a y 
reported in previous studies using the same 
techniques and allelic designation (Røed 1985a, 
1986, Røed et al . 1985). 
M a t e r i a l a n d m e t h o d s 
B l o o d samples were obtained f r o m 842 
reindeer belonging to the f o l l o w i n g 9 semi-
domestic reindeer herds or areas i n Scandinavia 
(Fig . 1): F i n l a n d : Kaamanen (1), i n the northern 
part of the country . N o r w a y : Vuor jen jarg (2), 
Arnøy (3) and Laggonjargga (4) f r o m F i n n m a r k 
county , Kanstadf jord (5) f r o m T r o m s county 
and Essan (9) f r o m Sør-Trøndelag county . 
Sweden: R a n / U m b y n (6) in Våsterbotten 
county , A r v i d s j a u r (7) i n N o r r b o t t e n county and 
H a n d o l s d a l e n (8) in Jamt land county . L o c a t i o n 
of those populat ions f r o m N o r w a y inc luded for 
comparisons i n the present study are also given 
in F i g . 1: Aborassa (10), Joakkenjargga (11), 
R i a s t / H y l l i n g (12), T r o l l h e i m e n (13), J o t u n h e i -
men (14), F i l lef je l l (15), H o l (16), Hardanger -
v idda (17), Hal l ingskarvet (18), Snøhetta (19), 
Knudshø (20) and Fore lhogna (21). A l l herds 
belong to the subspecies Eurasian tundra 
reindeer, R. t. tarandus. The herd sampled in 
A r v i d s j a u r area (7) was of the forest reindeer type 
whi le the others were of the mounta in reindeer 
type. Populat ions 17-21 are w i l d reindeer, 
among w h i c h the Fore lhogna (21) p o p u l a t i o n is 
believed to have its or ig in main ly f r o m 
semi-domestic reindeer f r o m Sweden (Skogland 
1984). The semi-domestic R i a s t / H y l l i n g herd 
(12) is identical to the Røros herd i n a previous 
report (Røed 1985a). 
B l o o d samples were taken into heparinized 
test tubes and centrifuged, after w h i c h the plasma 
fraction was removed and stored at — 2 0 ° C unt i l 
the electrophoretic analysis was per formed. 
Plasma samples were subjected to vertical slab 
polyacry lamide gel electrophoresis as previously 
described by Røed (1985a). The transferrins were 
stained w i t h Coomass ie Br i l l i ant B lue R250 
(Dieze l et al . 1972). 
R e s u l t s 
N i n e separate alleles, each consist ing of a 
double band, c o u l d be resolved in the present 
material after re - running similar alleles side by 
side to c o n f i r m their electrophoretic identi ty . 
Each alleles was scored as a double band as given 
in F i g . 2. The allele frequencies i n the transferrin 
locus for each p o p u l a t i o n are given in Table 1, 
together w i t h frequencies of those populat ions 
included for comparisons . Table 2 shows the 
amount of genetic variat ion in the transferrin 
locus for each of these populat ions . The 
heterozygosity i n Table 2 is calculated as 
expected frequencies of heterozygotes f r o m 
observed allele frequencies ( L e w o n t i n and 
H u b b y 1966). In all populat ions the number of 
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Fig. 1. Map showing locations of the sampled populations of semi-domestic (1-16) and wild (17-21) reindeer. 
Fig. 1. Kart som viser lokalisering av populasjoner av tamrein (1-16) og villrein (17-21) som er analysert. 
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Fig. 2. Transferrin phenotypes in reindeer examined in vertical slab Polyacrylamide gel electrophoresis. 
1: Tf»Tfc>; 2: 7/*7/«; 3: 7/'7/"; 4: Tf^Tf; 5: 7/"'7/*'; 6: 7/«7/«; 7: 7/*'7/*'; 
8: 7/"7/«; 9: 7/"7/c; 10: TfKTf\ 
Fig. 2. Transferrin fenotyper hos rein undersøkt ved hjelp av vertikal poly akrylamid gel elektroforese. 
alleles was h i g h , ranging f r o m seven to eleven, 
and the heterozygosi ty was correspondingly 
h igh , w i t h a mean for all populat ions of 0.749. 
The mean heterozygosi ty was 0.746 among the 
semi-domestic herds and 0.764 among the w i l d 
populat ions . Test of goodness-of-f i t to the 
H a r d y - W e i n b e r g e q u i l i b r i u m d i d not reveal any 
significant deviations among any herds in the 
present s tudy. This together w i t h the high 
variat ion detected in all populat ions suggests that 
inbreeding is not widespread among reindeer 
populat ions i n Scandinavia. 
The t w o alleles Tfa and TfE1 were the most 
c o m m o n alleles in all populat ions of Scandina-
vian reindeer. The pattern of allele frequency 
dis t r ibut ion at the transferrin locus indicates, 
however, considerable genetic heterogeneity 
among populat ions . The contingency chi-square 
test for homogenei ty among populat ions was 
highly significant, both for the nine populat ions 
analysed in this study (X2=307, p<0.01) and 
among all sixteen semi-domestic herds (X2=702, 
p<0.01) and among all populat ions of both 
semi-domestic and w i l d reindeer ( X 2 = 1 2 9 5 , 
p<0.01) . Significant differences were also 
detected between closer populat ions , as in the 
frequency of Tfa between Arnøy (3) and 
Vuorjenjarg (2) (X2=9A2, p<0.01) w i t h i n 
F i n n m a r k county in N o r w a y , and in the 
frequency of Tfa between R a n / U m b y n (6) and 
Table 2. Amount of genetic variability in the 
transferrin locus in Scandinavian reindeer 
populations. 
Tabell 2. Grad av genetisk variasjon i transferrin-
locuset i rein-populasjoner i Skandinavia. 
P o p u l a t i o n N u m b e r of H e t e r o -
alleles zygos i ty 
1 Kaamanen 8 .691 
2 Vuor jen jarg 8 .700 
3 Arnøy 9 .773 
4 Laggonjargga 7 .744 
5 Kanstadf jord 8 .602 
6 R a n / U m b y n 9 .774 
7 A r v i d s j a u r 8 .683 
8 H a n d o l s d a l e n 9 .769 
9 Essan 9 .826 
10 Aborassa 8 .766 
11 Joakkonjargga 8 .699 
12 R i a s t / H y l l i n g 10 .779 
13 T r o l l h e i m e n 8 .790 
14 J o t u n h e i m e n 11 .774 
15 Fi l lef je l l 11 .797 
16 H o l 10 .766 
17 H a r d a n g e r v i d d a 10 .837 
18 Hal l ingskarvet 9 .799 
19 Snøhetta 8 .688 
20 Knudshø 7 .699 
21 Fore lhogna 9 .799 
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A r v i d s j a u r (7) i n Sweden ( X 2 = 3 . 8 2 , p<0.05) . 
Significant differences were not detected bet-
ween Laggonjargga (4) and Vuor jen jarg (2) 
populat ions in F i n n m a r k county or between 
Handølsdalen (8) in Sweden and Essan (9) in 
N o r w a y . 
Coeffecient of genetic distance, D , was 
calculated according to N e i (1972). Table 3 gives 
the genetic distance between each pair of 
populat ions and Table 4 gives the average genetic 
distance between populat ions of semi-domestic 
reindeer w i t h i n and between different countries 
in Scandinavia and also w h e n compared w i t h the 
populat ions of w i l d reindeer. T h e genetic 
distance between populat ions was h ighly va-
riable, ranging f r o m 0.007 between the two 
F i n n m a r k herds Laggonjargga (4) and J o a k k o n -
jargga (11) to 0.757 between the w i l d reindeer in 
Snøhetta (19) and the semi-domestic animals in 
Laggonjargga (4). The genetic distance between 
countries w i t h i n Scandinavia was not part icu-
larly h igh , and the genetic distance between 
semi-domestic herds w i t h i n N o r w a y was o n the 
average greater than the genetic distance between 
countries (Table 4). T h e mean value of D was 
0.069 among the sixteen semi-domestic herds 
and 0.091 among the five w i l d populat ions . The 
greatest genetic distance was, however , certainly 
between semi-domestic and w i l d populat ions , 
ranging f r o m 0.020 to 0.757 and w i t h a mean of 
0.188. This high difference between semi-
domestic and w i l d populat ions is mainly due to 
a different pattern in the dis t r ibut ion of the two 
most c o m m o n transferrin alleles in semi-domes-
tic and w i l d populat ions (Table 5): Tfa is more 
frequently distr ibuted among semi-domestic 
herds than w i l d populat ions and TfE1 is more 
frequently dis tr ibuted among w i l d populat ions 
than semi-domestic herds. 
A dendrogram (F ig . 3) s u m m a r i z i n g the 
genetic distance was constructed using U P G M A 
(unweighted pair method based o n arithmetic 
averages) cluster method (Sneath and Sokal 
1973). This analysis illustrates the genetic 
d i c h o t o m y between the w i l d populat ions on the 
one hand and the semi-domestic herds o n the 
other. A m o n g the semi-domestic herds it seems 
that Kanstadf jord (5) is genetically separated 
f r o m the others. Fur thermore , there also seems 
to be a major genetic separation in semi-domestic 
reindeer between the northern ( 1 1 , 4 , 1 0 , 2 , 7 and 
1) and the southern herds (13, 16, 4, 6, 14, 12, 
9 and 15). The clustering of the w i l d Fore lhogna 
popula t ion (21) together w i t h the semi-domestic 
herds is also n o t e w o r t h y and in agreement w i t h 
a main ly semi-domestic or ig in of this p o p u l a -
t ion . 
Discussion 
The transferrin allele frequency dis t r ibut ion of 
Scandinavian reindeer f o u n d in this study 
includes a) h igh amount of genetic variat ion in 
both semi-domestic and w i l d populat ions , b) 
considerable genetic heterogeneity in this locus 
w i t h i n both semi-domestic and w i l d popula t i -
ons, and c) part icular ly high genetic difference 
between semi-domestic herds o n one hand and 
w i l d populat ions o n the other. The great genetic 
differentiation in the transferrin locus between 
semi-domestic and w i l d populat ions in southern 
Table 4. Average genetic distance (with range) between populations of semi-domestic and wild reindeer within 
and between different countries in Scandinavia. 
Tabell 4. Middelverdi (med variasjon) for genetisk avstand mellom populasjoner av tamrein og villrein innen 
og mellom land i Skandinavia. 
Popula t ion 1 2 3 4 
1 F i n l a n d semi- ••••• 
domestic (•*•••-•••••) 
2 Sweden semi- 0.026 0.025 
domestic (0.014-0.043) (0.019-0.032) 
3 N o r w a y semi- 0.053 0.059 0.082 
domestic (0.018-0.124) (0.008-0.202) (0.007-0.261) 
4 N o r w a y w i l d 0.179 0.119 0.205 0.091 
(0.101-0.344) (0.020-0.326) (0.041-0.757) (0.024-0.179) 
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N o r w a y prev ious ly reported by Brænd (1964) 
and by Røed (1985a) seems therefore also to be 
va l id w h e n several more populat ions f r o m 
different parts of Scandinavia are compared. 
W h a t is the reason for the very great 
differences i n the transferrin allele d is t r ibut ion 
of semi-domestic and w i l d reindeer? The h igh 
amount of variat ion i n all populat ions compared 
throughout this study suggests that founder 
effect, as allele frequency changes caused by 
small populat ions , has not been the pr inc ipa l 
factor determining the genetic differentiat ion. 
Rather it appears that either a different o r i g i n of 
semi-domestic and w i l d reindeer or different 
selection is acting u p o n genotypes at the 
transferrin locus i n these animals. 
The w i l d reindeer i n Scandinavia are believed 
to originate f r o m animals c o l o n i z i n g the 
Eurasian tundra regions as the ice barriers 
retreated d u r i n g the late Weichsel ian. There is 
very little reliable in format ion available in h o w 
reindeer domesticat ion evolved in E u r o p e . The 
question is st i l l open as to whether reindeer 
husbandry developed independently in Scandi-
navia by domesticat ion of w i l d populat ions , or 
Table 5. Mean ( ± S D ) frequencies of the most 
common transferrin alleles in Scandinavian 
semi-domestic and wild reindeer populati-
ons. 
Tabell 5. Middelverdi (±SD) for frekvenser av de 
mest vanlige transferrin allelene i populasjo-
ner av tamrein og villrein i Skandinavia. 
A l l e l e Semi-domestic W i l d 
Tfc, P 0.377 0.195 
S D 0.084 0.049 
Tf» P 0.272 0.389 
S D 0.057 0.086 
Tf" P 0.091 0.134 
S D 0.047 0.076 
Tf P 0.092 0.096 
S D 0.061 0.043 
was brought i n b y some movement of the Saami 
people or b y contact w i t h Samoyeds (Skjenne-
berg 1984). O n the assumption that the rate of 
allelic subst i tut ion in the transferrin locus is 
p r o p o r t i o n a l to t ime, the present results of 
1 1 - J O A K K O N J A R G G A 
4 - L A G G O N J A R G G A 
1 0 - A B O R A S S A 
2 - V U O R J E N J A R G 
7 - A R V I D S J A U R 
1 - K A A M A N E N 
3 - A R N O Y 
1 3 - T R O L L H E I M E N 
1 6 - H O L 
21 - F O R E L H O G N A 
6 - R A N / U M B Y N 
1 4 - J O T U N H E I M E N 
8 - H A N D O L S D A L E N 
1 2 - R I A S T / H Y L L I N G 
9 - E S S A N 
1 5 - Fl L L E F J E L L 
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1 8 - H A L L I N G S K A R V E T 
1 7 - H A R D A N G E R V I D D A 
1 9 - S N O H E T T A 
2 0 - K N U T S H C 
2 0 1 6 .12 0 8 
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0 4 
Fig. 3. Genetic distance dendrogram for transferrin variation of semi-domestic (1-16) and wild (17-21) 
populations of reindeer in Scandinavia. 
Fig. 3. Dendrogram som viser den genetiske avstanden mellom populasjoner av tamrein (1-16) og villrein (17-21) 
i Skandinavia basert på transferrin-variasjon. 
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generally h igh genetic differentiat ion in the 
transferrin locus between semi-domestic and 
w i l d populat ions w o u l d indicate that the 
differentiat ion between these animals had to be 
initiated a very l o n g time ago. 
T h e alternative explanation of different 
selection i n semi-domestic and w i l d populat ions 
s h o u l d , however , be considered. Several pheno-
mena have been demonstrated w h i c h indicate 
that selection is important in mainta ining the 
transferrin p o l y m o r p h i s m in reindeer. Z h u r k e -
v i c h and F o m i c h e v a (1976) have indicated 
association between transferrin genotypes and 
variabi l i ty of environmental condit ions and also 
between certain genotypes and susceptibil i ty to 
epidemic and bacterial infections. Corre la t ions 
between b o d y weight and transferrin alleles have 
furthermore been f o u n d by Røed (1987). In that 
study Tfci was posi t ively associated w i t h high 
weight among calves and not among yearlings, 
whi le TfEI was indicated to be posit ively 
associated w i t h h igh weight among male 
yearlings and not among calves. T h i s , together 
w i t h the reported increase in TfCI and decreas i n 
TfE1 a long w i t h intensif ied selection for calf b o d y 
weight in a semi-domestic herd (Røed 1985a), 
gives evidence that reindeer husbandry acts as a 
selective force u p o n genotypes at the transferrin 
locus. Increased calf b o d y weight is probably 
among the most important aims of reindeer 
husbandry. The selctive breeding for high calf 
weight could thus explain the generally higher 
frequency of Tfci and lower frequency of TfE1 in 
semi-domestic than in w i l d reindeer populat ions . 
The poss ibi l i ty that the divergence between 
the w i l d and semi-domestic populat ions could be 
explained by selective forces acting on w i l d 
reindeer also must be considered. Harvest 
through the regular hunt is the most important 
morta l i ty factor among N o r w e g i a n w i l d reindeer 
(Reimers et al. 1980). In an open habitat the 
hunter should be able to classify and select single 
specimens of species l i v i n g in f locks , such as the 
reindeer. H o w e v e r , the allele frequencies in the 
w i l d Fore lhogna (21) p o p u l a t i o n , ' w h i c h is 
believed to have its or ig in main ly f r o m 
semi-domestic reindeer in Sweden (Skogland 
1984), were detected to be most genetically 
similar to the semi-domestic R a n / U m b y n (6) 
herd in Sweden. A s illustrated b y the cluster 
analyses (Fig . 3), the Fore lhogna popula t ion 
seems also to be in general more genetically 
similar to the semi-domestic herds than to the 
w i l d populat ions . It seems therefore that the 
transferrin allele frequency has not s ignif icantly 
changed since 1955 when this p o p u l a t i o n began 
to be harvested through the regular hunt . «Gun 
selection» seems therefore not to act as a strong 
selective force u p o n genotypes at the transferrin 
locus. The alternative explanation of reindeer 
husbandry as a selective force is therefore a more 
reasonable explanation for det high genetic 
divergence i n the transferrin locus between 
semi-domestic and w i l d populat ions in Scandi-
navia. 
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